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The THO complex and Sub2 RNA helicase have been shown to function in both transcription and 
mRNA processing. Rougemaille et al. (2008) now uncover evidence that THO/Sub2 coordinates 
mRNA processing and nuclear export.During gene transcription, the initial 
transcript generated is processed into 
functional messenger RNAs (mRNAs) by 
enzymes directly recruited to the RNA 
polymerase II (Pol II) elongation complex 
and is also simultaneously packaged 
into RNA-protein complexes (mRNPs) 
(reviewed in Egloff and Murphy, 2008). 
With the advances in experimental 
techniques such as chromatin fraction-
ation and nuclear imaging using fluores-
cent markers for DNA, RNA, or protein, 
remarkable progress has been made in 
the understanding of how this process 
of nuclear gene transcription transitions 
seamlessly to the production of proteins 
in the cytoplasm (for example, see Jan-
icki et al., 2004). It is widely thought that 
the packaging and processing of nuclear 
mRNA during transcription is directly 
coupled to its export through the nuclear 
pore complex (NPC) for translation in 
the cytoplasm (reviewed in Vinciguerra 
and Stutz, 2004). Given that the NPC 
is responsible not only for the export 
of mRNPs but also for both export and 
import of many proteins, including fully 
assembled ribosomes, it is likely that 
NPC access is a rate limiting step in gene 
expression. In budding yeast Saccharo-
myces cerevisiae, the mRNA packaging 
complex THO and RNA helicase Sub2 associate with mRNA export factors to 
form the TREX (Transcription/Export) 
complex that targets mRNA to the NPC 
(Strässer et al., 2002). In this issue of 
Cell, a study by Rougemaille et al. (2008) 
now suggests a role for THO/Sub2 in 
coordinating the events that prepare an 
mRNA for export.
As with all routes that encounter heavy 
traffic, elaborate mechanisms must be 
in place at the NPC to prevent passage 
by illegitimate cargos, which might slow 
down the traffic or possibly result in 
blockage of the entire nuclear transport 
process with lethal consequences for 
the cell. Indeed, disruption of the mRNA 
processing machinery that ensures only 
functional mRNAs are exported through 
the NPC has already been well docu-
mented to negatively impact NPC func-
tion. It now seems that defects in mRNA 
packaging prior to export are linked to 
aberrant mRNA processing and also 
present problems for NPC function. A 
recent study demonstrated that the loss 
of the mRNA packaging functions of THO 
has a direct effect on mRNA 3′ end pro-
cessing (Saguez et al. 2008). Mutations 
in THO components that disrupt THO 
function appeared to slow down Pol II 
transcription over polyA signals at the 3′ 
ends of genes, as well as inhibit the mat-Cell 135uration of the mRNA polyA tail. Intrigu-
ingly, this effect is at least in part due to 
the degradation of the polyA factor Fip1, 
a protein that links mRNA 3′ end cleav-
age with polyA addition during formation 
of the mRNA 3′ end. Thus, THO mutants 
display a defect in the 3′ processing of 
mRNA transcripts. In their study linking 
THO with the NPC, Rougemaille et al. 
now add to this understanding of the 
consequence of losing THO function.
Using a modified method of fraction-
ating chromatin, Rougemaille and col-
leagues now establish a connection 
between mRNA packaging and the NPC. 
This work also highlights the potential 
biases inherent in analyzing chroma-
tin with techniques such as chromatin 
immunoprecipitation (ChIP). The authors 
observed that heat shock genes in S. 
cerevisiae display an aberrant chromatin 
conformation in strains harboring muta-
tions in the THO complex (tho strains) 
or in the THO-associated RNA helicase 
Sub2. Perplexingly, regular chromatin 
preparation techniques for ChIP, which 
include a centrifugation step at 18,000 g 
to remove cellular debris from the chro-
matin fraction, resulted in the loss of DNA 
from the 3′ regions of these heat shock 
genes. Interestingly, if the centrifugation 
step was performed at a lower speed of , October 17, 2008 ©2008 Elsevier Inc. 207
Figure 1. The THO Complex Is Essential for mRNA Export through the Nuclear Pore Complex
In the yeast Saccharomyces cerevisiae, mRNA is cotranscriptionally processed and packaged with pro-
teins into messenger ribonucleoproteins (mRNPs) for export into the cytoplasm. RNA polymerase II, the 
mRNA 3′ end processing complex PolyAsome, and the THO/Sub2 proteins dissociate from the mRNP as 
it is exported into the cytoplasm through the nuclear pore complex (NPC). In cells lacking THO or Sub2 
function (tho mutants), mRNP export is disrupted as the 3′ region of the transcribed gene, the mRNP, 
and the associated mRNA processing proteins all become associated with the NPC. These aberrant 
complexes are detectable as heavy chromatin that contains DNA, RNA, and protein.2000 g, the 3′ regions of the genes were 
once again detected in the chromatin 
fraction and not in the cell debris. The 
authors dubbed this denser chromatin 
fraction that contains the DNA from 3′ 
regions of genes, as well as protein and 
RNA, “heavy chromatin.”
What exactly is heavy chromatin, and 
what factors are required for its for-
mation? Rougemaille et al. report that 
although both ongoing transcription 
and an active exosome are required 
for heavy chromatin formation in tho 
strains, mutation of 3′ end processing 
or nuclear export factors in wild-type 
cells were not sufficient to induce heavy 
chromatin formation. On the contrary, 
heavy chromatin was not detected in 
tho strains lacking 3′ end-processing 
factors, implying that these factors may 
play a role in forming heavy chromatin. 
Interestingly, heavy chromatin contains 
the cleavage and polyadenylation com-
plex and the cleavage factor, two large 
nuclear mRNA processing complexes 
that participate in mRNA 3′ end pro-
cessing and comprise the polyAsome 208 Cell 135, October 17, 2008 ©2008 Elsev(for review, see Proudfoot, 2004). The 
authors also found that NPC com-
ponents constitute a large portion of 
heavy chromatin, suggesting that the 
NPC itself associates with the 3′ ends 
of genes during transcription. These 
proteins that associate with the 3′ 
gene regions in this chromatin fraction 
appear to represent a permanent block-
age that occurs in the absence of THO 
function rather than a transient structure 
also found in wild-type cells (Figure 1). 
Indeed, reconstitution of THO function 
in temperature-sensitive tho strains by 
lowering the temperature to reactivate 
heat-inactivated THO complex compo-
nent resulted in the disappearance of 
heavy chromatin. This strongly suggests 
that the heavy chromatin observed in 
tho strains represents a stalled inter-
mediate in the nuclear mRNA export 
pathway. Rougemaille et al. further 
observed that a large number of yeast 
genes (nearly 400) have 3′ regions that 
associate with heavy chromatin in tho 
mutant strains. Intriguingly, heat shock, 
metabolic regulation, and membrane ier Inc.transport genes, all of which can be 
subjected to rapid induction, comprise 
the majority of this gene set.
These new data not only strongly 
suggest a role for THO/Sub2 in medi-
ating the transition from transcription 
and mRNP processing to mRNP export 
through the NPC, they also lend cre-
dence to the notion that actively tran-
scribed genes seek out the NPC. This 
targeting of active genes to the NPC 
may be achieved at the beginning of the 
transcription process through interac-
tions between the SAGA transcription 
activation complex and nuclear export 
factors that in turn associate with the 
NPC (Rodríguez-Navarro et al., 2004). 
The work of Rougemaille et al. now 
demonstrates that at least a subset of 
genes interacts with the NPC through 
their 3′ region. Disruption of the pack-
aging of mRNA transcribed from these 
genes into mRNPs clearly results in a 
roadblock in the path of nuclear mRNP 
export, leading to a pile up of both 
mRNPs and 3′ processing enzymes at 
the NPC. Further work will be needed 
to elucidate the molecular mechanism 
of THO/Sub2 function in coordinating 
this traffic at the NPC to prevent nuclear 
roadblocks.
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